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I. Base du rapport 
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(Bmtses d fomce r6cepteur en r^ponse d una invftatton faite conformemeni ^ I'artlde 14 sont consid6r^ dans 
le prfsant rapport , comma 'inftiafemant d6po$4es' at ne sont pas Jointes an annexe au rapport puisau'eihs ne 
contiennant pas de modifications (r^ea 70.16 at mi7)): h ^'^o^cr 

Description^ Pages 

1-16 telles quMialement d^posies 

- Revendlcations, No. 

1 -1 2 re5ue{s) le 1 6.08.2004 avec lettre du 1 0.08.2004 

Desslns, Feuilles 

1 ^r2& telles qu'lnitlaJement d^pos^es 

2. En ce qui conceme la langue. tous les ^l^ments indiqu6s ci-dessus ^taient h la disposition de radmlnistration 
ou lut ont 6te remis dans la langue dans laqueiie la demande Intemationale a 6t6 d6pos6e. sauf Indication 
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□ la langue de la traduction remise aux fins de Texamen pr6llminajre intemationale (selon la r^gie 55.2 ou 

3. En ce qui conceme les sequences de nucltotides ou d'aclde aminesdlviilgu^es dans la demande 
s6qijer*^^^ 6ch6ant). Texamen pr6llminalre intemationale a 6X6 effectu6 sur la base du Ustage des 

□ contenu dans la demande Intemationale, sous forme ^crite. 

□ d6pos6 avec la demande intemationale, sous fomie dSchiffrable par ordinateur, 

□ remis ult^rieurement k Tadmlnistratfon, sous fomne terrte. 

□ remis utt6rieurement k I'administration, sous forme d6chiffrable par ordinateur. 

□ la d6c|afatlon. selon laquelte le listage des sequences par 6crit at fourrti ulter/eurement ne va pas au-del^ 
de la divulgation falte dans la demande telle que d6pos6e, a e\6 foumi^, 

□ La declaration selon laqueiie ies infomnations enregistr^es sous d6chfffrable par ordinateur sont identkiues 
a celles du listages des sequences Presents par 6crit, a 6X6 fournie. 

4. Les modifications ont entrain6 I'annulation : 

□ de la description, pages : 

□ des revendications, nos : 

□ des dessins, feuilles : 
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5. □ Le prSsent rapport a 6t6 formul6 abstraction faite (de certaines) des modifications, qui ont 6t6 consld6rees 

comme allant au-del& de I'expos^ de Tinvention te) qu'il a ^td d6pos6. comma il est indiqu^ ci-apr^ (r&gle 
70.2(c)) : 

(Toute feuiUe de remplacement comportant des modificationa de cette nature doit Stre mdiqu^e au point 1 
et annex4e au present rapport,) 

6. Observations compl^mentaires, le cas ^chdant : 

V. Declaration motivto selon I'article 35(2) quant H la nouveaute, I'activHe; inventive et la possibility 
d'appilcation Industrielle; citations et explications a Tappul de cette declaration 

1. Declaration 



Nouveaute 


Qui: 


Revendicatlons 


1-12 




Non: 


Revendlcatlons 




Activity Inventive 


Oui: 


Revendications 


1-12 




Non: 


Revendications 




Possibilrte d'application industrielle 


Oui: 


Revendications 


1-12 




Non: 


Revendications 





2. Citations et explications 
voir feuilie sdparde 



■4 



• . C C' 

RAPPORT D'EXAMEN n ^ • 

PREUMINAIRE INTERNATIONAL , ^EUlLLtsipA^iZ"^''"^'^ 0^0^42 
■Concemant le point y 

Declaration motlvee quant a la nouveaute. I'activite inventive et ia possibility 
d-appl.cat.on industrlelle; citations at explications 4 rappul. de cXe'^raL 



II est fait r6f6rence aux documents suivants- 

D1: • 

D2: 



EP-A-O 286 934 (ASEA BROWN BOVERI) 19octobre 1988 (1988.10-19) 
US-A-4 778518(GRIMFJAERDGOERANETAL)1Boc,obrU9r8(lZlO-18) 

Hn^! ^vendioation 1. d6crit un disposltif de fusion et d'agltation d"un Is^^^^ 
b,phas.que. Ce disposltif compi^nant un moyen de chauffage ParaTLlLTIt? 
moyen de brassage par induction 6lectromagn6tlque. ^ ^* 

Par consequent. I'objet de la revendicatlon 1 dlff^re de ce disposltif oonnu en ce aue- A la 
fo.s le Chauffage et le brassage sont assures sirnultan.ment'par lerC'nduX. 

L'objet de la revendlcation 1 est done nouveau (article 33(2) PCt). 

Le problSme que la pr^sente Invention se propose de rdsoudre oeut rfnnr -^x ^ 
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REVBND ICATIONS 
1. Dispositif de fus.ion et d> agitation 
interfaciale d'xon systSme diphasique, ce dernier 
comprensuit des premiSre et deiixiSme phases imroiacibles, 
.5 sfiparfies .par ime interface, .ce dispositif conprenant : . 

- tm creiiset {2, 28) , - destinfi- 4- cont^iir • 
le systSme diphasique, et • • 

des moyens de fusion et d^'agitation 
prSvus pour la --fusion des- prstnl^'re et deibciame pKkses^' 
•10 . et 1« agitation de l' interface de celles-ci'v - • ' " " 

ce dispositif .£tant caract6ris£ en ce qpie lee liioyens de- 
fusion et d ' agitartion comprennent : 

- \m inducteur (4) entourMit le creuset et 

- des nic?yens ■ * (187 d« alimentation ' d^ cet 
IS inducteur par un courant variable ayant^ aia moiiao' miu 



' i ll ' interface d a s" pg e roi a 'po ob - domciamQ ^ E>hg 

a » P j gpogitig oolon la g o ir e tidicafr i ott 



20 ■ couraiat T,ragiablo a ;des premidre et deuxi£me 

composantes , la pretniftre composante ayant line" prem'fere 
frequence et 6tant apte d. faire fondre les premiSre et 
deiixiSrae phases, la deuxidme composante' ayant ime 
deuxiSme frequence, qui est infSrieure & la premiSre 

25 frSquepce, et Stant apte' 4 agiter 1* interface "des 
premiSre et deuxiSme phases. " ^ 
2^ . yST/ Dispositif selon la reveiidication X» 
dans lequel les moyens (18) d^alinientatioh de 
1" inducteur sent aptes ^ foumir. un courant aitematif 

30 ayant la premiSre frSquence> ce ..courant aitematif 
; StAnt modulS par. le* 'deuxiSme frequence . 



3-// Dispositif selon la revendicatton 
dans lequel les moyens d' alimentation de I'inducteur 
comprennent 

- condensateur (24) formant, ,ayec 
I'inducteur (4), ua oircuit- oseillant qui fonctipmie- a • 
sa propre frfi<iu6nce de rfisonance, Cette :f rSquence -de • 
resonance farmant la premldre frequence, 

- un gSnSrateur & induction (22) prfiyu 
pour aliioent-er ce circuit oscillant, et' ' • '• 

- ^ ' gfinSrateur - de • fotfctlon" ' (207 " prfilWi • • • 
pour imposer la modulation a la deuxidme frSquence et 
pour foumir un courant de condigne au g^nfirateW ^ 
induction. ^ 

4^ 'y// Disposifif selon Is revexidication " 
dans lequel la puissancef du g^nfiirateur A induction (22) 
est dans I'intervalle allant de 10 kW h 300 kW. 

'^ ✓^ ^"Dispojitif SelbA -l.une quelconque des ' 
revendications ^ et X' ^^ns leqUel la frequence de 
resonance est dans I'intervalle allant de 1 kHz a 
20' kHz, ■•'* • 

Dispositif selon I'une quelconque des 
revendications /' dans lequel la frequence de la - 

modulation est d^a I'intervaUe allant de 0,5 Hz a 
10 Hz . 7". ? ^r'^. Y ft/a^ / ^is.^ '^**f^^e 

8. Dxspositif^selonJj^Cre^ 

dans lequel le creuset esTu?d^2^|s£^28) . ' ' ' 

9. Dispositif selon" la revendioation 1, 
dans lequel la frequence de la composante qui. est apte 

a agiter 1- interface des premidre et deuxiSme phases • 
est chotsie suf f isatnment basse pour que la composante ' 
soit.en outre apte a agiter la -deuxiSme- phade, lorsque 
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cette demiSre est peu filectriquement cozuluctricer 
cette deiixiSme phase fitant: au-deesus de la premldre 
phase. 

10. Dlspoaltlf selon l*une quelconque des 
revendications 1 a 9^ con^renant en. outre des. TRoyens 
(26X de maltrxse des gradients thenoiques ft l"int§rleur 
des premidre et deuxi£me phases.-- 

11. Dispositif selon. la revendic&tlon 10 , • 
- dans lequel.. cea moyens de* -maltriee- •-con^rennent des 

6crans .ou xiea suscepteurs <26) ^ ... 

12. implication du dispositif selon l»une 
quelconque des revendications 1 A 11- A- -la £usion et 
1 'agitation interfaciale d'oin systdme diphasique d^iia 
lequel la. premiSre phase (8) • est viti- mStal et la- 
deuxiSme phase (10) est un laitier ou un sel.. 
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DESCRIPTION 



TECHNICAL FIELD 



The present invention relates to a fusion 
and interfacial agitation device for a diphase system. 

It particularly applies to the acceleration 
of metal lurgic processes as well as to the acceleration 
of pyrocheraical processes. 



STATE OF THE PRIOR ART 

Metallurgic elaboration or refining 
15 procedures generally implement two immiscible phases 
between which exchanges of materials take place. 

The fusion of phases ceui be ensured in 
different ways, for example by Joule effect or by 
induction. 

^° Agitation of the interface of the two 

phases uses mechanical or pneumatic methods. This 
agitation is indispensable to the acceleration of the 
physico-chemical process so as to attain equilibrium 
times that are short enough for the -procedures to be 

25 profitable. 

Figure 1 is a schematic and partial view of 
a known device making it possible to melt a diphase 
system and to agitate the interface of this system. 
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This known device comprises a cold crucible 
2. Water circulation 3 means enable this crucible 2 to 
be cooled. 

The device in figure 1 also comprises an 
inductor 4 that surrounds the crucible 2 and that is 
supplied by a source 6 of high frequency current to 
create in crucible 2 a high-frequency electromagnetic 
field. 

In the diphase system contained in the 
crucible this field generates induced currents which 
dissipate the power by Joule effect and melt the 
diphase system. The latter is composed of two 
immiscible phases i.e. a lower phase 8 and a higher 
phase 10, which are separated by an interface 12. 

Lines 14 of figure 1 symbolise the internal 
mixing of the lower phase 8. This mixture is generated 
by the induced currents. 

The device in figure a also comprises 
mechanical means 16 enabling the interface 12 to be 
agitated. 

One can envisage using the "monof requency" 
device of figure 1 with the dipHase system whose 
fusion leads to a lower phase 8 made up of a liquid 
metal and a higher phase 10 made up of molten salt. 

It is possible to melt these phases using 
the cold crucible 2 (or a hot crucible) but the 
transfer of chemical species towards the higher phase 
10 from the lower phase 8 (which is likely to contain 
these chemical species) can only be carried out by 
agitating interface 12 sufficiently. 
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However^ media made up of phases 8 and 10 
are likely to have a very high reactivity, preventing 
the introduction of a third phase in these media and 
therefore any mechanical or pneumatic agitation of 
5 them. 

In fact, mechanical (or pneumatic) 
agitation would lead to inserting a kolid {or gas) into 
these media. 

Moreover, where the 16wer 8 medium is 
10 metallic, it turns out that electromagnetic agitation 
linked to the application of a high frequency is 
limited to this metallic medium and does not have a 
sufficient effect at the interface 12 of media 8 and 
10. 

15 

PRBSEMTATION OF THB INVENTION 

The present invention adms to remedy the 
preceding drawbacks. It enables: 

fusion of the phases in a cold or hot 
20 crucible, 

agitation of the lower phase (which can 
be a metallic bath) , 

agitation of the interface separating 

the phases and 
- agitation of the phase which has only 

slight conduction choosing the 

modulation frequency in the lower part 

of the range. 
In the invention, these agitations are 
30 obtained without contact with the phases. 



C 4 (■ 

B14042,3 PV 



in addition, the invention enables the 
interface to be agitated locally to minimise the 
transfer barrier effect which constitutes a diffusion 
underlayer likely to be formed at the interface and to 
5 renew the chemical species to be transferred through 
the interface, between the two phases. 

TO be precise. the present invention 
relates to a device for fusion and interfacial 
agitation of a diphase system, the latter comprising 
10 first and second immiscible phases which are separated 
by an interface, this device comprising: 

- a crucible intended to contain the 

diphase system and 

- fusion and agitation means provided for 

IS the fusion of the first and second phases and the 

agitation of their interfaces, 

this device being characterised in that the 

fusion and agitation means include ; 

- an inductor surrounding the crucible and 

- means of supplying this inductor by a 
variable current with at least one component, this 
component being capable of agitating the interface of 
the first euid second phases. 

According to a first particular embodiment 
of the device according to the invention, the crucible 
is a cold crucible and the variable current has first 
and second components, the first component having a 
first frequency and being capable of melting the first 
and second phases, the second component having a second 
30 frequency, which is lower than the first frequency and 
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capable of agitating the interface of the first and 
second phases. 

According to a preferred embodiment of this 
device, the means of supplying the inductor are capable 
5 of providing an alternative current with the first 
frequency, this alternative current being modulated by 
the second frequency. 

The means for supplying the inductor 
preferably include 
10 ~ a capacitor forming with the inductor an 

oscillating circuit which operates at its own resonance 
frequency, this resonance frequency forming the first 
frequency, 

- an induction generator provided to supply 
15 this oscillating circuit and 

- a function generator provided to impose 
modulation at the second frequency and supply a 
reference current to the induction generator. 

The power of the induction generator is 
20 preferably in the interval from 10 kVi to 3 00 kW. 

The resonance frequency; is preferably in 
the interval from 1 kHz to 20 kHz. 

This resonance frequency preferably amounts 
to approximately 14 kHz. 
25 The modulation frequency is preferably in 

an interval from 0.5 Hz to 10 Hz. 

According to the second ihode of realisation 
specific to the device that is the subject of this 
invention, the crucible is a hot crucible. 
^0 According to a second particular embodiment 

of the device according to the invention, the frequency 



of the component which is capable of agitating the 
interface of the first and second phases is selected 
low enough for the component to be also capable of 
agitating the second phase when the latter is little 
electrically conductive, this second phase being above 

the first phase. 

The device according to :the invention can 
also comprise means for controlling the thermal 
gradients inside the first and second phases. 

These controlling means can comprise 

screens or susceptors. 

The device according to the invention 
particularly applies to the fusion and interfacial 
agitation of a diphase system in which the first phase 
is a metal and the second phase is a slag or a salt. 



BRIBF DESCRIPTION OP THE DRAWIHOS 

The present invention will be better 
understood on reading a description of examples of 
0 implementation given below, purely for guidance and in 
no way restrictive, referring to the appended drawings 
where : 

- Figure 1 is a schematic and partial view 
of a known "monof requency" device with a cold crucible, 

25 mechanically agitated and which has already been 
described, 

- Figure 2 is a schematic and partial view 
of a "bi frequency" device in accordance with the 
invention, with a cold crucible, agitated 

30 electromagnet ically/ 
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Figure 3 is a diagram of an example of 
means of supplying electricity to the inductor of the 
device of figure 2, and 

Figure 4 is a schematic and partial view 
of a device in accordance with the invention, with a 
hot crucible agitated elect romagnetically. 
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DETAILED PRESENTATION OP PARTICUIiAR EMBODIMENTS 

A device in accordance with the invention 
makes it possible to accelerate the chemical exchanges 
between two immiscible phases heated by induction. This 
device jointly provides the fusion of the two phases, 
the mixing of the lower phase which is for example a 
liquid metal and the agitation of the interface between 
the phases. 

In accordance with the invention, all these 
functions are provided by the use of a cold crucible 
supplied with an alternative electrical current with 
two frequencies, i.e, a high frequency axid a low 
frequency. 

This makes it possible, without any contact 
with the reaction medium, 

- to heat and melt the lower phase 
(metallic phase in the example) thanks to the high 
frequency component of the inductor current, the 
heating and the fusion of the higher phase (oxide or 
saline slag in the example) taking place by conduction 
and convection, 

- to mix the metallic bath thanks to the 
same high-frequency component and 
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- to ensure agitation of the interface 
between the metallic phase and the slag using the 
current's low frequency component. 

Figure 2 is a schematic view of a device in 
5 accordance with the invention, enabling fusion of the 
diphase system by applying a double frequency. In this 
case, interface 12 is agitated electromagnetically and 
therefore without contact • 

To achieve the internal mixture and the 
10 heating in an optimiim manner, the high frequency is 
selected according to the following traditional 
criterion: 

0.1 < 5/Ri < 0.3 

where Ri represents the inner radius of 
15 crucible 2 and 5 the electromagnetic of skin depth in 
licjuid metal 8. 

The agitation of interface 12 is obtained 
by a judicious choice of the low frequency component of 
the inductor current. This is defined from the eigen 
20 frequencies of the gravito-capilla;ry waves of the 
interface as follows: 

fb « {g/2itRi)^^2 

where fb represents the frequency of the low 
frequency modulation of the inductor current and g the 
25 acceleration of gravity. 

According to the specific value of this 
modulation frequency, the wavelength of the deformation 
of interface 12 can be selected according to the 
species to be transferred and the state of passivation 
30 of this interface 12. 

The device of figure 2 includes means 18 
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for supplying the inductor 4. These means 18 enable a 
high frequency current to be generated which is 
modulated by a low frequency. 

An example of these means 18 is 
schematically represented in figure 3 and comprises a 
fxinction generator 20, an induction generator 22 and a 
capacitor 24 formed by a battery of elementary 
capacitors. 

The system formed by the inductor 4 and the 
cold crucible 2 of figure 2 is characterised on figure 
3 by a resistor R and an inductance L., 

The inductor is mounted in parallel with 
the capacitors battery 24 and forms with the latter an 
oscillating circuit. 

The inductor generator 22 has a power of 
100 kW and supplies this oscillating circuit. The 
^^^t^^ works at its o%m resonance frequency which is 
approximately 14 kHz . 

The modulation is impose'd by the fvinction 
generator 20. 

In the example of figurd 3 this generator 
20 is the kind that is sold by the Metrix company. 

The function generator 20 provides a 
reference current at the imput of the induction 
generator 22. The latter is mounted in parallel with 
the capacitors battery 24. 

The obtained inductor current has the 
conventional appearance of a sinusoidal carrier signal 
which is modulated by another sinusoidal signal, the 
carrier signal having the oscillating circuit's eigen 
frequency {high frequency) while the frequency of the 
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other sinusoidal signal corresponds to the low 
frecpiency mentioned above. 

Prior studies have been done to 
characterise the influence of different types of 
agitation on mass transfers through a metal/liquid 
interface . 

First of all, transfer experiments have 
been made on a pocket of mercury plaiced in a solenoid 
coil fed by an alternative electrical current. 
According to the frequency of thip current, it is 
possible to create three types of movement in the 
mercury: 

• an inner electromagnetic mixing without 

surface oscillation (f> 20Hz) 

• oscillations of the mercury- electrolyte 

interface without internal mixing (f « 10 Hz) . 

• an internal mixing with superimposed 
surface oscillations which constitute a mixed rate 

(10 Hz < f < 20 Hz) . 

The experiments were made with a tank with 
a diameter of 178 mm and a mercury hfeight of 124 mm. 

Exchange ratios were established which were 
obtained according to the intensity of the speed of the 
fluid which is proportionate to the intensity of the 
25 inductor current and it was found that a frequency f of 
14 HZ (mixed rate) gives the highest values of the 

exchange ratios. 

It was possible, from measurements and 
similarity analyses, to formulate, for exchange ratio 
k. a semi -empirical law which is valid in case of high 
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speeds and such that: 
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k = a(D™/d) (pu^/(pgY) W 

k: exchange ratio also called mass transfer 

ratio (m/s) 

Dm: ratio of diffusion of the compound in 

5 its liquid matrix 

d: diameter of the pocket 
Ui characteristic speed of the bath 
p: volume mass of the bath 
g: acceleration of the gravity 
3^0 Y: interfacial tension. 

a is an empirical ratio characterising the 
efficiency of the agitation. The values arising from 
the experiments made with the mercury are as follows: 

a of the order of lO" for the surface 

15 agitation alone, 

a of the order of 1.3 x 10* for internal 

agitation, • 

a of the order of 2.8 x 10* to 6.0 x 10* for 
the mixed rate. 

20 The measurements of the mass transfer 

ratio at the interface according to the different types 
of agitation have shown that the tiiost effective 
transfer was obtained in the case of the mixed rate. 
The transfer gain varies from a faetor of 2 to 5 and 

25 can be explained by the following: 

- The internal mixture is indispensable to 
renew the chemical species near the interface but it is 
not enough to break the diffusion barrier. 

- The surface waves have the effect of 
30 creating local agitation on the interface and reducing 

the effect of the diffusion barrier- In addition. 
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specific tests have shown that this type of agitatxon 
enables possible passivation layers that disturb all 
the transfer physical -chemical processes to be broken. 

Agitation tests carried out under heat have 
shown the need to have an overall agitation of the bath 
as well as of the interface. ^ 

A transfer test was carried out at 750 C 
between a metallic bath with a zinc base and a 

fluorated saline phase. 

Without interface agitation, a large nutnber 
of metallic particles are reduced but not transferred, 
in this case the transfer operation is not carried out 
and cannot be done within a reasonable time (less than 

With interfacial agitation, the reducible 
elements are entirely transferred towards the metallic 
phase, in this case the transfer operation is carrxed 

out in a few minutes. 

The same observations were made with the 

use of Al-Cu alloys and LiF-CaFa salt. 

It was also verified that use of an 
electromagnetic method prevents the inclusion of 
contamination elements from mechanical agitation 

systems. ^ . i 

An in-depth study of the physico-chemxcal 

phenomena that occur in these diphase environments 
shows the possibility of seeing appear at the interface 
passivation layers that induce galvanic phenomena on 
both sides of the interface. 
3Q Therefore elements can be reduced directly 

inside the salt by electronic transfer, without there 
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being any transfer of these elements towards the 
metallic phase. One finds oneself then with a saline 
phase loaded with reduced metallic species that have 
not been decanted towards the metallic phase. 
5 Perfoxming interfacial aigitation prevents 

the formation of these passivating layers and enables 
the saline phase to be totally purified. This 
highlights the absolute necessity of maintaining an 
interfacial agitation so as to totally purify one of 
10 the two phases. 

The characteristic speed U of a liquid 
steel bath contained in a cold crucible of 60 mm in 
diameter has been numerically estimated, generating a 
static dome with a height H of 30mm: . 
15 U « 0.4 (gH)^^^ = 0.22 m/s , 

For 7 a 1.7 N/m and p = 7200kg/m^, the semi- 
empiric relation [1] provides an assessment of the 
exchange ratio: k = 9.3 x 10** m/s. 

Thus for a bath height of 60 mm, it is 
20 possible to deduct the characteristic time of mass 
transfer T such that: 

T = V/(kS) « 64 s 

where V represents the volume of the bath 
and S the interface area and a is considered equal to 
25 2.8 X 10'*. 

It is also possible to determine the 
optimum frequency for the mass transfer. To do this and 
in view of the preceding arguments interface waves must 
be energized whose wavelength is close to the capillary 
30 length X such that: 

X - {Y/(pg)>'^^ 
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X is equal to 5 mm for liquid steel. It is 
therefore possible to deduce the modulation frequency 
to energize the surface movement: 

f = (i/(2n)) X (gA)^'' « 7 iHz. 
It is important to emphasize that the 
present invention, which linlcs a cold crucible and a 
Lgh frequency modulated by a low frequency xs 
hxgn iir 4 Jf ref ining metallurgic 

interest in all alloy making or refining 

as in advanced pyrochemical 
activities as well as 
extraction and separation procedures. 

extract! ^^^plays .11 the advantages 

Xin^ed to the use of a cold crucible without any 

----- tr'Zr'ZT'l^^^ or corrosion 

, • t, ^ ^« the use of a mecb^ical or pneumatic 
problems linked to the use 

art! ^ at ion are resolved. 

in addition, the g^-try. int«.=ity >ni 
^.e^encies of tn. .lectronas^.ti= forces «.Xd c« be 
chosen according to the effects .ought. 

in addition it I. poeeiSle to add to the 
device according to the inv«.tion that can he .e« .n 
figure 2 elements such as screens or susceptors « 

, v,»tt.r eontroX the thermal 

(figure 21, placed so as to better con 

gra^ents inside the metallic bath B and the !»• 

The present Invention is not li-ited to the 
electromagnetic agitation of a diphase system in a cold 
crucible. ^^^^ ^^^^^^ electromagnetic 

agitation of a diphase system in a hbt crucible. 

The later application is schematically 
Illustrated by figure 4 where a hot c^cible 28 can be 
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seen with water circulation means 30 enabling this hot 
crucible 28 to be cooled. 

This crucible is surroiinded by a heating 
electrical resistor which is schematically shown by 
5 lines or R and supplied by a current; source not shown. 
This resistor enables crucible 29 to be heated by Joule 
effect and thus to melt the diphase system (phases 8 
and 10) contained in the crucible. 

The device in figure 4 also includes an 
10 inductor 32 which surrounds crucible 28 and which is 
supplied by a low frec[uency current source 34. Thanks 
to this inductor 32, a low frequency electromagnetic 
field is created in the crucible enabling the interface 
to be agitated between the lower phase 8 (for example a 
15 metallic phase) and the higher phase 10 (for example a 
molten salt) . 

The frequency used iS: selected in the 
interval going from 0.5 Hz to 10 Hz. 

Instead of providing the crucible 28 with 
20 the heating resistor R this crucible" can be placed in a 
susceptor for example in graphite, itself placed in 
the inductor 32 and this inductor 34 can be fed by a 
dual frequency current source 36 like the means (or 
source) 18 described above, on one hand in view of 
25 heating the crucible 28 by induction (using the highest 
frequency) so that the latter then heats the diphase 
system it contains, and on the other hand in view of 
agitating the interface of the system's two phases 
(using the lowest frequency) . 
30 It is also specified that the upper phase 

10 can be agitated, when the latter only conducts a 



little electricity, thanks to the low frequency 
provided by the source 18 or 34 or 36 if this low 
fre<iuency is selected in a range from 0.5 Hz to 10 Hz. 
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CIAIMS 

1 Device for fusion ^nd interfaciaX 
agitation of a diphase system, .he latter <->^^-'^ 
first and second inoniscible phases separated by an 
5 interface, this device comprising: 

. a crucible (2, 28), intended to contain 

the diphase system and 

- fusion and agitation means provided for 

* first and second ph^ises and the 

the fusion of the firsc ana 

10 agitation of their interface, ^ * • „ w 

this device being characterised in th^t the fusxon and 

agitation means include: 

. an inductor (4) surrounding the crucxble 

^5 ^""^ . ™eans of supplying (18) this inductor by 

a variable current with at least one component, thxs 
component being capable of agitating the interface of 
the tirst and second pheeeo. 

2 Device according to cXaim 1. ^ which 
20 the crucible la a cold crucible m. and jarlabl. 
current has first and second components, the first 
component having a first fre<r.«.cy »id being capable of 
„elting the first and second phases. the second 
component having a second frequency which Is lower than 
2S the first frequency and cap-Me of agitating the 
interface of the first and second phases. 

3 Device according to claim 2, In which 
the means (IS) of supplying the inductor are capable of 
providing an alternative current' with the first 
30 frequency, this alternative current being modulated by 
the second frequency. 



4. Device according to claim 3, in which 
the means of supplying the inductor include 

- a capacitor (24) forming, with the 
inductor {4) , an oscillating circuit; that operates at 
its own resonance frequency, this reson^ce frequency 
forming the first frequency, 

- an induction generator^ (22) provided to 
supply this oscillating circuit and 

- a function generator : (20) provided to 
impose modulation at the second frequency and to supply 
a reference current to the induction generator. 

5. Device according to claim 4, in which 
the power of the induction generator (22) is in the 
interval from 10 kW to 300 kW, 

6. Device according to any of claims 4 and 

5, in which the resonance frequency ; is in the interval 

from 1 kHz to 20 kHz. 

7. Device according to any of claims 4 to 

6, in which the modulation frequency is in the interval 
from 0.5 Hz to 10 Hz. 

8. Device according to claim 1, in which 
the crucible is a hot crucible (28) . 

9. Device according to claim 1, in which 
the frequency of the component which is capable of 
agitating the interface of the first and second phases 
is chosen low enough for the component to also be 
capable of agitating the second phase, when the latter 
is little electrically conductive, this second phase 
being above the first phase. 
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10 • Device according to any of claims 1 to 
9, including in addition means (26) for controlling 
thermal gradients inside the first and' second phases. 

11. Device according to claim 10, in which 
these control means comprise screens or susceptors 
(26) . 

12. Application of the device according to 
any of claims 1 to 11 to fusion and interfacial 
agitation of a diphase system in which the first phase 
{8) is a metal and the second phase (10) is a slag or a 
salt. 
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ABSTRACT 

Electromagnetic device tor fusion and 
inter facial agitation of diphase systems, particularly 
for the acceleration of metallurgic or pyrochemical 
5 processes . 

This device comprises for example a 
crucible (2, 28), to contain a diphase system, an 
inductor (4) surrounding this crucible and means (18) 
for the supply of the inductor by a current with two 
10 components, namely a high frequency component which 
melts the phases of the system and a low frequency 
component which agitates the interface (12) of the 
phases • 

Figure 2- 
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1 
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32 
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33 
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06/29 


34 
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$1,211.00 


$24,378.00 


06/29 


35 


PCT/US05/22068 IPOL-0008/WO 


1703 


$26.00 


$24,352.00 


06/29 


36 


PCT/US05/22068 IPOL-0008/WO 


8007 


$20.00 


$24,332.00 


06/29 


198 


11093898 


034299-632 


1051 


$130.00 


$24,202.00 


06/30 


1 


PCT/US05/18727 034704-070 


8007 


-$240,00 


$24,442.00 


06/30 


33 


10519615 




9204 


-$100.00 


$24,542.00 


06/30 


80 


PCT/US05/22028 IPOL-0006/WO 


1601 


$300.00 


$24,242,00 


06/30 


81 


PCT/US05/22028 IPOL-0006/WO 


1704 


$2,075.00 


$22,167.00 


06/30 


82 


PCT/US05/22028 IPOL-0006/WO 


1702 


$1,211.00 


$20,956.00 


06/30 


83 


PCT/US05/22028 IPOL-0006/WO 


1703 


$65.00 


$20,891.00 


06/30 


84 


PCT/US05/22028 IPOL-0006/WO 
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$20.00 


$20,871.00 


06/30 
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1601 


$300.00 


$20,671.00 


06/30 
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PCT/US05/22146 VUBQ-0001/WO 


1704 
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1702 
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1703 


$182.00 
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PCT/US05/22146 VUBQ-0001/WO 
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$60.00 


$17,043.00 
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